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© Surgical reamer. 



IN 



© The cutting head 10 for a surgical reamer has a 
leading end 12 for insertion into a bone canal 60 and 
a trailing end 13 for attachment to a drive shaft 16. 
The cutting head has a cutting surface formed about 
an axis of rotation of the cutting head. The cutting 
surface is formed by the rotation of the cutting 
edges on a plurality of flutes 20 spaced around the 
axis of rotation. Each cutting edge has a first portion 
26 spaced a predetermined radial distance from the 
axis of rotation at the tip portion 22 and terminates at 
a terminating point 30 which is at a greater radial 
distance from the axis of rotation than the starting 
point 28. The cutting edge on each flute 20 has a 
second portion 32 having a starting point 34 at the 
trailing end 24 of the cutting head 10 which is at a 
second predetermined radial distance from the axis 
of rotation. The second portion 32 extends axially 
towards the tip portion 22 and terminates at a point 
36 at a greater radial distance from the axis of 
rotation than the starting point 34 thereof. A third 
curved portion 38 starts at the terminating point 30 
of the first portion 26 and terminates at the terminat- 
ing point 36 of the second portion 32 and intersects 
the first and second portions tangentially. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to reamer cutting heads 
for surgical reamers used to enlarge bone canals 
during orthopedic surgery. More particularly, this 
invention relates to a cutting head which is easily 
adapted for use with a surgical reamer having a 
flexible drive shaft 

Description of the Prior Art 

Surgical reamers are used in orthopedic sur- 
gery to enlarge medullary canals of long bones 
such as the femur and humerus in preparation for 
insertion of fixation devices, performing an In- 
tramedullary osteotomy, stimulating bone growth, 
the insertion of a plug to preclude bone cement 
from migrating while it is in the viscous state, and 
for other reasons. The medullary canals of bones 
are seldom straight More typically, the canaJ will 
have some degree of curvature to it 

Should a straight and rigid series of reamers 
be employed to enlarge the canal, there is consid- 
erable likelihood that the reamer, in not being ca- 
pable of following the bone's curvature, will jam or 
will not remove the desired uniform amount of 
bone tissue. In such a situation excessive tissue 
removal occurs in at least one plane as a reamer 
advances. For this reason, medullary canals are 
almost always prepared with reamers having a 
flexible shaft. Generally reamers for use with a 
flexible shaft utilize a central bore through both the 
reamer and drive shaft The central bore is in- 
tended to receive a long, small diameter guide pin 
which is initially inserted into the medullary canal to 
act as a track for the advancing reamer. However, 
the use of a flexible shaft does not always solve 
the problem of excessive tissue removal and jam- 
ming. 

The prior art cutting head design contributes to 
the history of intramedullary reamers jamming dur- 
ing use in long bones. When this jamming occurs 
with the prior art cutting head, the long guide pin 
has to be withdrawn from its position to assist in 
dislodging the reamer cutting head. This can result 
in a loss of reduction at the fracture site. Here- 
tofore, the shape of the reamer cutting heads has 
been basically a cylinder with a short angled area 
towards the front that would do the cutting and 
another short angled area at the back of the head 
that is intended to facilitate the removal of the 
reamer. Such a cutting head is shown generally in 
U.S. Patent 4,706,659, which issued to Matthews et 
a) on November 17, 1987. U.S. Patent 4,751,992, 
which issued to A. DiPietropolo on June 21, 1988, 



shows a cutting head on a shaft but does not refer 
„ to the design of the cutting head. 

The cylindrical shape of the prior art cutting 
heads results in long flutes that produce friction 

5 and considerable heat while turning. This heat can 
be detrimental to the bone. The shape can also 
result in the reamer cutting a larger hole than 
desired as the reamer is directed away from its 
intended path of cutting, as when cutting a curved 

w canal. As the reamer tilts or cants with respect to 
the canal, it cuts in a diagonal plane rather than a 
plane perpendicular to the canal. When a cylin- 
drical cutting head is canted with respect to the 
internal bore and cuts a larger diameter than de- 

76 sired, jamming is likely to occur. 

SUMMARY OF THE INVENTION 



It is an object of the invention to provide a 
20 cutting head for a surgical reamer which doesn't 
jam and can easily follow a curved cutting path and 
can be easily withdrawn after the reaming opera- 
tion. 

It is yet another object of the invention to 

25 provide a cutting head for a surgical reamer which 
cuts very efficiently, thereby generating little heat 
and wear of the cutting head itself. 

It is yet an additional object of the invention to 
provide a cutting head which is simple in design 

30 and economical to manufacture. 

These and related objects are achieved in the 
present invention by a cutting head having a lead- 
ing end for insertion into a bone canal and a trailing 
end at a predetermined axial distance away from 

35 the leading end and adjacent the drive shaft. The 
cutting head has a plurality of identical flutes 
spaced around the axis of rotation thereof, each 
terminating in a tip portion at one end of the cutting 
head and each having a trailing end opposite the 

40 tip portion. Each of the flutes has a cutting edge 
which, when rotated, forms the cutting surface of 
the reamer. 

Each cutting edge and hence the cutting sur- 
face has a first portion spaced a predetermined 

45 radial distance from the axis of rotation at Its start- 
ing point at the tip portion and terminates at a point 
a predetermined axial distance from the tip portion. 
The terminating point of the first portion is at a 
greater radial distance from the axis of rotation than 

60 the radial distance at its starting point. The cutting 
edge has a second portion having a starting point 
at the trailing end which starting point is at a 
second predetermined radial distance from the axis 
of rotation and extends axially towards the tip por- 
tion and terminates at a point at a greater radial 
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distance from the axis of rotation than the starting 
point thereof. A third curved portion starts at the 
terminating point of the first portion and terminates 
at the terminating point of the second portion. 

In alternate embodiments the first and second 
portions of the cutting surface may be in the form 
of a cone formed by the rotation of generally 
straight cutting portions on the cutting edge of 
each flute. 

In another alternate embodiment the cutting 
surface is in the form of a surface of revolution 
formed by rotating a curvi-linear arc formed on 
each of the flutes. Again, the arc has a starting 
point adjacent the tip portion and moves axially 
away therefrom at an increasing radial distance 
from the axis of rotation and forming an apex at a 
predetermined axial distance from the tip portion. 
Thereafter the arc extends axially away from the tip 
portion at a decreasing radial distance from the 
axis of rotation. It is contemplated that the curved 
cutting surface in the form of an arc may be a 
segment of an ellipse or a segment of a circle. The 
apex may be moved axially with respect to the tip 
portion in response to desired cutting parameters. 

The cutting head has an axial bore thereth- 
rough concentric with the axis of rotation and a 
beveled counterbore extends radially and axially 
inwardly from the vertex of the tip portion. The 
beveled counterbore may have cutting surfaces 
formed thereon to enable the cutting head not only 
to enlarge an existing bore but start a new bore in 
a surface such as at the end of a long bone. 

In the embodiment of the cutting head having 
the two conical portions, each cone intersects the 
axis of rotation at angles anywhere between 20 and 
40*. The central ends of each conical surface 
tangentially intersects the intervening curved third 
portion to provide a smooth transition therewith. 

Generally straight or helical V-shaped grooves 
extend between the flutes of the cutting head which 
grooves are so shaped that the flutes have a posi- 
tive rake angle, generally about 7* . 

These and other objects and advantages of the 
present invention will become apparent from the 
following description of the accompanying draw- 
ings, which disclose several embodiments of the 
invention. It is to be understood that the drawings 
are to be used for purposes of illustration only, and 
not as a definition of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



In the drawings wherein similar reference char- 
acters denote similar elements throughout the sev- 
eral views: 

FIG. 1 is a prior art cutting head mounted on a 
flexible drive shaft; 

FIG. 2 is side view of the cutting head of the 



present invention; 

FIG. 3 is a plan view, partially in cross-section, 
of the cutting head of the present invention 
through line 3-3 of FIG. 2; 

5 FIG. 4 is a bottom view of the cutting head of 
the present invention through line 4-4 of FIG. 2; 
FIG. 5 is a side view of the cutting head of the 
present invention mounted on a flexible reamer 
and reaming the medullary canal of a femur 

iq shown in cross-section; 

FIG. 6 is an enlarged cross-sectional view on a 
plane including the axis of rotation of the cutting 
head of the present invention within a medullary 
canal; 

is FIG. 7 is a cross-sectional view of the cutting 
head along line 7-7 of FIG. 6; 
FIG. 8 is a cross-sectional view of the cutting 
head of the present invention engaging the end 
of a long bone and showing the teeth of the tip 

20 portion drilling a hole therein to be reamed; 

RG. 9 is a cross-sectional view of an alternate 
embodiment of the cutting head of the present 
invention with a generally elliptical cutting sur- 
face; and 

25 FIG. 10 is still another alternate embodiment of 
the present invention showing a cutting surface 
with a generally circular cross-section. 

DESCRIPTION OF THE PREFERRED EMBODI- 
30 MENTS 

Referring to RG. 1, there is shown a cutting 
head of the prior art generally denoted as 10. Prior 
art cutting head 10 has a conically shaped leading 

35 end 12 and a generally cylindrical trailing end 13. 

Referring to FIGS. 2-8, there is shown the 
cutting head of the present invention generally de- 
noted as 14. As is usual, cutting head 14 is rigidly 
connected to or integral with a drive shaft 1 6 which 

40 can be flexible in nature. Drive shaft 16 includes a 
drive connector 18 which may be connected to any 
suitable electrical or pneumatically powered tool 
(not shown). 

In the preferred embodiment the cutting head 

45 14 includes a plurality of flutes 20 separated by 
generally V-shaped grooves 21 which extend from 
a leading tip portion 22 to a trailing portion 24 
adjacent drive shaft 16. Flutes 20 may extend 
around cutting head 14 either In a helical fashion or 

so may extend generally parallel to an axis of rotation 
25. In the preferred embodiment the diameter of 
cutting head 14 at the termination of trailing end 24 
is approximately the same diameter as drive shaft 
16. Upon rotation about axis 25, cutting head 14 

55 generates a cutting surface based on the shape of 
flutes 20. The number of flutes 20 (normally four to 
six) and their circumferential width is generally the 
same as in the prior art. 
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Referring to FIGS. 6 and 8. a preferred shape, 
in cross-section, of flutes 20 is shown. It can be 
seen that the preferred flutes have a cross-section 
formed by a first conical section 26 which extends 
from a starting point 28 at the tip portion 22 of 
cutting head 14 and extends radially outwardly to a 
terminating point 30 adjacent the apex or major 
diameter 33 of cutting head 14. Point 30 is located 
a predetermined axial distance from starting point 
28 towards trailing portion 24. Thus cutting head 14 
starts at a first predetermined diameter 29 at point 
28 and increases in diameter to a larger diameter 
at point 30. Preferred cutting head 14 has a second 
conical portion 32 starting at a point 34 adjacent 
trailing end 24 of cutting head 14 which starting 
point 34 is spaced a predetermined axial distance 
from starting point 28 at tip 22. Conical surface 32 
extends radially outwardly from starting point 34 to 
a terminating point 36. Thus cutting head 14 has a 
second predetermined diameter 35 at point 34 and 
increases in diameter to point 36. Neither the first 
and second predetermined diameters nor the diam- 
eters at points 30 and 36 have to be equal. 

Cutting head 14 includes a third portion 38 
which extends between the terminating point 30 of 
first conical portion 26 and terminating point 36 of 
second conical portion 32. The third portion 38 is 
either in the form of a sector of a sphere with its 
major diameter forming the apex 33 of the flute 20 
or a torus with a sector of its outer surface forming 
the apex of the cutting surface. Major diameter 33 
is, of course, larger than the diameters at points 30 
and 36. In the preferred embodiment the conical 
portions 26 and 32 intersect with spherical or 
torodial sector 38 tangentialty at terminating points 
30 and 36 respectively, thereby forming a smooth 
transition surface with a maximum diameter at the 
apex 33. 

Referring to FIGS. 3 and 8 t it can be seen that 
the tip portion 22 at the leading end of cutting head 
14 has an inwardly beveled portion 50 extending 
radially and axial ly inwardly towards a central bore 
52 within cutting head 14 and a shaft 16. Teeth 54 
are formed on each flute 20 adjacent the intersec- 
tion of flutes 20 with tip portion 22. Central bore 52 
receives the typical guide shaft 55 for aligning 
cutting head 14 within the bone canal. 

Referring to FIG. 5, there is shown the reaming 
head 14 of the present invention used to enlarge a 
bore 58 within a medullary canal 60 of a femur 62. 
Referring to FIG. 8 it can be seen that teeth 54 of 
cutting head 14 allow the cutting head of the 
present invention to be used to start drilling the 
bore within the femur as well as to enlarge the 
bore. Without teeth 54 it would be impossible to 
start drilling a bore in a flattened surface. 

Referring to FIG. 7 there is shown a cross- 
sectional view of the cutting head of the present 



invention wherein a cutting edge 66 is formed on a 
leading side on each of flutes 20. Each cutting 
surface 66 is in the form of an arc with the shape 
described above with reference to FIG. 6 so that 

5 when high speed rotation of the reaming device 
occurs, a cutting surface as described above is 
formed (two cones with a spherical or torodial 
sector In between). The preferred angular orienta- 
tion of cutting edge 66 with respect to a radial line 

70 through the axis of rotation 25 is such as to pro- 
duce a positive rake angle a of approximately 7* . 
Although other rake angles could be used, a posi- 
tive rake angle ensures efficient, low temperature 
cutting of bone within the canal. 

16 FIGS. 9 and 10 show two alternate embodi- 
ments wherein instead of the cutting surface or 
cutting edge 66 being formed by the rotation of a 
cutting head 14 having two conical portions at the 
leading and trailing end with a central spherical or 

20 torodial portion the cutting heads have pure cur- 
vilinear or arced cutting surfaces from the tip por- 
tion to the trailing end of cutting head 14. FIG. 9 
shows a cross-section of a cutting head 14' 
wherein the cutting edge of the flutes has the 

25 general form of an ellipse forming, on rotation, an 
ellipsoidal cutting surface. Similarly, the cross-sec- 
tion of the cutting head 14", shown in FIG. 10, 
discloses a cutting surface formed by the rotation 
of a circular cutting edge which would form a 

30 spherical cutting surface. Clearly other arc forms 
can be used to produce a cutting surface as de- 
scribed. 

It can be seen that the already described cut- 
ting head profile, wherein the cutting head forms a 

35 cutting surface having a first predetermined diam- 
eter at the tip portion and a larger major diameter 
33 at the apex, which apex is spaced a predeter- 
mined axial distance from tip portion 22, and then 
decreasing in radial distance from the axis of rota- 

40 tion towards starting points 34' and 34" at the 
trailing end of cutting heads 14* and 14" fits all the 
above described embodiments. This geometry en- 
sures the ability of the cutting head to cut a bore 
having the size of the major diameter at apex 33, 

45 33' and 33", no matter what orientation axis of 
rotation 25 of the cutting head takes with respect to 
the axis of bore 60. 

Typical dimensions for the cutting head 14 of 
the present invention include a major diameter of 

60 between .25 and 1.5 inches and an overall length 
(from point 28 to point 34) of between .25 to 1 .25 
inches with the diameter of the tip portion being 
approximately .25 inches. If the curved apex area 
of the cutting surface is formed by the outer sur- 

55 face of a torus, the diameter of the torus is prefer- 
ably about 25 inches regardless of the major diam- 
eter of the cutting head. Thus the center of the 
toroidal section at any point would not coincide 
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with the axis of rotation unless the major diameter 
were .5 inches. 

The utilization and operation of cutting head 14 
will now be briefly described with reference to 
FIGS. 5-8. If one wishes to enlarge a bore 58 within 5 
a medullary canal 60, one would choose a cutting 
head having a major diameter 33 slightly larger 
than an existing bore 61. Cutting head 14 would 
either be integral with flexible drive shaft 16 or be 
attachable thereto for rotation therewith. Head 14 10 
would then be inserted within the canal with bore 
52 receiving guide shaft 55. The reamer would 
follow guide shaft 55 to enlarge bore 61. Should 
cutting head 14 be canted with respect to the 
preferred cutting path, the diameter 58 will be no is 
larger than the major diameter 33 of the cutting 
head. 

In the unlikely event that cutting head 14 would 
jam within bore 58, head 14 may be backed out 
slightly and, because of the relief provided by 20 
second portion 32, which has a decreasing diam- 
eter, cutting head 14 would easily work free so that 
the reaming operation can again proceed. 

it has been found that the cutting head op- 
erates best if first and second conical portions 26, 26 

32 are inclined with respect to axis of rotation 25 at 
an angle of between 20 and 40* . With these an- 
gles, the reaming and backing off of the reamer 
can be easily accomplished and with only a small 
production of cutting heat during reaming. This 30 
advantage occurs because the cutting chips 
formed are efficiently carried by generally V- 
shaped groove 21 away from the area of the apex 

33 of the cutting surface. This is because the bone 

is cut along the short cutting length 70 of the flute 35 
in the area of the apex and the decreasing diam- 
eter of the cutting surface toward trailing end. The 
decreasing diameter of portion 32 allows the bone 
chips to move out of engagement with the surface 
of the bore being reamed and the flutes. , 40 

In the preferred embodiment, the angle that the 
first conical portion 26 forms with axis of rotation 
25 is equal to the angle formed by second conical 
portion 32 with axis 25. In addition, the major 
diameter 33 of cutting head 14 is located at a 45 
greater axial distance from starting point 28 than 
the mid-point between points 28 and 34. Thus 
conical section 26 is longer than conical section 32 
and therefore providing a longer cutting surface 70. 
Cutting length 70 can be varied by changing the so 
angles of conical portions 26. 

It should also be noted that, unlike the prior art, 
only small length 70 of the first portion 26 does the 
cutting as the bore is enlarged. In the prior art, the 
long cylindrical flutes maintain contact with the 55 
cutting chips and create heat by the friction of the 
reamer burning in the bore and the rubbing of the 
chips against the flutes. 



While several examples of the present inven- 
tion have been described, it is obvious that many 
changes and modifications may be made there- 
unto, without departing from the spirit and scope of 
the invention. 

Claims 

1. A cutting head 10 for a surgical reamer of the 
type having a leading end 12 for insertion into 
a bone canal 60, a trailing end 13 adjacent a 
drive shaft 16, and a cutting surface formed 
about an axis of rotation of the cutting head, 
said cutting surface comprising: 

a central portion 38 formed as a sector of 
a torus; 

a first conical section 26 extending from a 
vertex adjacent the leading end 12 of the cut- 
ting head 10 and tangentially intersecting said 
central portion 38; and 

a second conical section 32 extending 
from a vertex adjacent the trailing end 13 of 
the cutting head 10 and tangentially intersect- 
ing said central portion 38. 

2. The cutting head 10 as set forth in Claim 1 
wherein said cutting surface is further com- 
prised of a plurality of flutes 20 having an outer 
surface of predetermined circumferential width. 

3. The cutting head 10 as set forth in Claim 2 
wherein said predetermined width of each flute 
20 widens from an end thereof adjacent said 
vertex of said first conical section 26 to said 
vertex of said second conical section 32. 

4. The cutting head 10 as set forth in Claim 2 
wherein said flutes 20 extend generally parallel 
to the axis of rotation of the cutting head 10. 

5. The cutting head 10 as set forth in Claim 2 
wherein said flutes 20 extend around the axis 
of rotation in a helical fashion. 

6. The cutting head 10 as set forth in Claim 1 
wherein said cutting head has a bore 52 there- 
through concentric with the axis of rotation 25. 

7. The cutting head 10 as set forth in Claim 1 
wherein said vertex 20 of said first conical 
section 26 defines a plane generally perpen- 
dicular to the axis of rotation 25 and wherein a 
beveled counterbore 50 extends radially and 
axially inwardly to said bore 52 from said plane 
defined by said vertex. 

8. The cutting head 10 as set forth in Claim 1 
wherein said first and second conical sections 
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26, 32 extend from their respective vertices to 
said tangential intersection wrth said central 
portion 38 at predetermined angles with re- 
spect to the axis of rotation 25. 

5 

9. The cutting head 10 as set forth in Claim 8 
wherein said predetermined angles are be- 
tween 20 and 40 ° . 

10. The cutting head 10 as set forth in Claim 1 to 
wherein a plurality of grooves 21 extend radi- 
ally inwardly from said cutting surface to de- 
fine a plurality of flutes 20. 
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